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S1. Materials and measurements
All the chemicals were obtained from commercial sources, and were used without further purification. Deionized water was used for all experiments. Elemental analyses (C, H and N) were measured on a Perkin-Elmer 2400 CHN elemental analyzer. IR spectrum was performed in the range 4000-400 cm -1 using KBr pellets on an Alpha Centaurt FT/IR spectrophotometer. The X-ray powder diffraction (XRPD) data were carried out on a Siemens D5005 diffractometer with Cu-K α (λ = 1.5418 Å).
Thermogravimetric analysis (TGA) was recorded on a Perkin-Elmer TG-7 analyzer under nitrogen heated from room temperature to 800 ºC at the heating rate of 5 °C·min −1 .
S1.1 Synthesis of NENU-520
A mixture of H 2 L (30 mg, 0.11 mmol) and Zn(NO 3 ) 2 ·6H 2 O (150 mg, 0.50 mmol) was dissolved in a mixture of DMF/EtOH (6 mL/1.5 mL) and droped 0.01 mL HNO 3 . The mixture was sealed in a 25 mL Teflon-lined autoclave and then heated at 90 °C for 3 days, then cooled to room temperature at 5 °C·h -1 . Colorless crystals NENU-520 were collected and washed with DMF for several times (yield 40%, based on H 2 L).
Elemental analysis for C 34 H 30 N 10 O 6 Zn 2 (805.42): Anal. Calc.: C 50.70; H 3.75; N 17.39. Found: C 50.82; H 3.66 
S1.2 X-ray single crystal structure determination
Single crystal X-ray diffraction data in this work were recorded on a Bruker APEXII CCD diffractometer with graphite-monochromated Mo Kα radiation (λ = 0.71069 Å) at 293 K. Absorption corrections were applied using multi-scan technique. All the structures were solved by Direct Method of SHELXS-97 and refined by full-matrix least-squares techniques using the SHELXL-97 program within WINGX. 1 Nonhydrogen atoms were refined with anisotropic temperature parameters. The SQUEEZE program implemented in PLATON was used to remove these electron densities for NENU-520. Thus, all of electron densities from free solvent molecules have been "squeezed" out. 2 CCDC: 990058 (NENU-520) contain the supplementary crystallographic data for this paper. Crystal data are summarized in Table S1 in the Supplementary Information. These data can be obtained free of charge from the Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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S1.3 Gas adsorption experiments
The N 2 , H 2 , CH 4 and CO 2 adsorption measurements were performed on an automatic volumetric adsorption equipment (Quantachrome Autosorb-iQ). Before gas adsorption measurements, the samples were immersed in methanol for 24 h, and the liquid was poured out. Fresh methanol was subsequently added, and the crystals were stay for an additional 24 h to remove the nonvolatile solvates (DMF). The extract was decanted and fresh methanol was added once more. The sample was collected by decanting and treated with dichloromethane similarly to remove methanol solvates.
After the removal of dichloromethane by decanting, the sample was activated by drying under a dynamic vacuum at room temperature overnight. Before the measurement, the sample was dried again by using the 'outgas' function of the surface area analyzer for 12 h at room temperature.
S1.4 Fluorescence study
The finely ground sample NENU-520 (3 mg) was immersed in 3 mL of different organic solvents. The mixtures were treated by ultrasonication for 30 min, and then aged to form stable suspensions before the fluorescence study. Fluorescence of the samples was performed using a F-4600 FL Spectrophotometer (λ ex = 310 nm).
The finely ground sample NENU-520 (3 mg) was immersed in 3 mL of DMF containing different concentrations of nitrobenzene. The mixtures were treated by ultrasonication for 30 min, and then aged to form stable suspensions before the fluorescence study. Fluorescence of the samples was performed using a F-4600 FL Spectrophotometer (λ ex = 310 nm).
S2. Calculation procedures of selectivity from IAST S2.1 Fitting of pure component isotherms
The measured experimental data on excess loadings, q excess , of the pure components CO 2 , CH 4 , and N 2 in NENU-520, were first converted to absolute loadings, q, using
where Z is the compressibility factor. The Peng-Robinson equation of state was used to estimate Z. The accessible pore volume for NENU-520 is 0.2694 cm 3 /g.
The isotherm data for CO 2 , measured at 273 K and 298 K were fitted with the Langmuir-Freundlich model
For CO 2 , CH 4 and N 2 , the isotherm data at 298 K were fitted with the Langmuir parameters provided in Table S4 . Figure S10 provides a comparison of the experimental isotherms in NENU-520 with the isotherm fits. And the isotherm fits are excellent.
S2.2 IAST calculations of adsorption selectivities and uptake capacities
The selectivity of preferential adsorption of component 1 over component 2 in a mixture containing 1 and 2, perhaps in the presence of other components too, can be formally defined as
In equation (4), q 1 and q 2 are the absolute component loadings of the adsorbed phase in the mixture. These component loadings are also termed the uptake capacities. We calculate the values of q 1 and q 2 using the Ideal Adsorbed Solution Theory (IAST) of Myers and Prausnitz. 3 
S3. The isosteric heats of adsorption
The isosteric heat of adsorption, Q st , defined as
were determined using the pure component isotherm fits using the Clausius-Clapeyron equation.
In equation (5), P is pressure, T is temperature, q is the amount adsorbed, R is the gas constant, and Q st denotes the heat of adsorption.
S4. Transient breakthroughs in fixed bed adsorbers
The performance of industrial fixed bed adsorbers is dictated by a combination of adsorption selectivity and uptake capacity. For a proper comparison of various MOFs, we perform transient breakthrough simulations using the simulation methodology described in the literature. [4] [5] [6] [7] For the breakthrough simulations, the following parameter values were used: length of packed bed, L = 0.3 m; voidage of packed bed, S5  = 0.4; superficial gas velocity at inlet, u = 0.04 m/s; see schematic in Figure 4 . Ther framework density of NENU-520 is 1318 kg m -3 . The transient breakthrough simulation results are presented in terms of a dimensionless time,, defined by dividing the actual time, t, by the characteristic contact time. Fig. S1 The coordination modes of two crystallographically distinct L 2fragments (L1 and L2) in NENU-520. Tables   Table S1 . Crystal data and structure refinements for NENU-520. 
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S5. Supporting Figures
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